Because social parasites are relatively rare in tropical ant faunas, new or poorly known forms deserve special attention. Two Pheidole species evidently parasitic on P. indica are here described as new species from India (P. lanuginosa, P. parasitica), while a previously ~noven northern Sou'th American form, P. microgyna Wheeler, is redescribed and evaluated as a possible parasite of P. mintttula or a closely related host species.
INTRODUCTION
For 180 years a sequence of gifted entomologists, from P. HUBER, A. FOREL, F. SANTSCHI, W.M. WHEELER, and C. BRUCH in past generations to N. KUSNEZOV, H. KUTTER, A. BUSCHINGER, and others in more recent time, have steadily and literally unearthed an astonishing wealth of social parasites among the ants. The species discovered display among themselves virtually every conceivable form of exploitation of the host colonies, including xenobiosis, trail parasitism, slavery, temporary social parasitism, and inquilinism up to and including loss of the 'worker caste and extreme anatomical degeneration of the reproductive forms (reviews and recent literature in BRUCH, 1931 ; KUSNEZOV, 1951 a, b; KUTTER, 1969; WILSON, 1971; BUSCHINGER, 1974; BUSCHINGER et al., 1980; BUSCHINGER and WINTER, 1983) .
From this research something of a paradox has emerged. The greatest frequency of social parasites, both in new species discovered per year and overall percentage of ant species kncrwn to be parasitic, occurs in the north temperate zone and especially in the colder portions, where the smallest total ant fauna exists. Hc~wever, this is also the region where the most diligent entomologists have concentrated their efforts. Thus an important question is raised: is the relative scarcity of social parasites known from the tropics a reflection their true proportionate rarity, or is it an artifact of the difference in collecting intensity ? In other words, is the paradox real ? Any new information on tropical parasitic species is therefore of more than average interest.
In the course of recent preliminary 'work toward a revision of the New World species of PheidoIe, I surveyed several thousand series in the Museum of Comparative Zoology, Harvard University, and Museu de Zoologia, Universidade de Sio Paulo, originating from around the 'world and representing about five hundred species. Three of the tropical forms show evidence of being parasitic. I describe them below to put their existence on the record and to call attention to the excellent possibility for additional such discoveries in this large, exceptionally diverse genus.
DESCRIPTIONS OF NEW AND LITTLE KNOWN SPECIES

Pheidole lanuginosa Wilson, new species
Diagnosis (queen). Body of "normal " Pheidole form but exceptionally small (e.g., head ~vidth 0.75 ram) and ~vith short, rounded head. Also, the body surface uniformly smooth and dully shining, except for several longitudinal costulae between the eye and antennal fossa. Antennal scapes long, about equal in length to head ~width and in repose exceeding the occipital corners by. approximately one-third their length. Pilosity moderately abundant over the entire body and mostly appressed or nearly so, 'with many of the hairs strongly curved and even hooked at the end, ~ving the ant a distinctive "'woolly "' appearance, hence the scientific name proposed for it here. An apparent social parasite of Pheidole indica Mayr.
Holotype queen. Museum of Comparative Zoology. An alate specimen, closely resembling the paratype queen illustrated in [igure 1. Head width exclusive of eyes 0.75 mm, head length (anterior clypeal margin to occipital border) 0.78 mm, scape length 0.76 mm, eye length 0.31 mm. Mandibles ~'ell-formed, 'with a large apical and a large preapical tooth followed by 6 evenly spaced smaller teeth occupying the remainder of the masticatory border. Anterior clypeal border very feebly convex ; entire clypeal dorsal surface also feebly convex. Hypostomal border evenly concave, lacking teeth. Antenna 12-segmented ; the vcell-developed 3-segmented club occupies almost exactly half the length Of the funiculus. With the exception of 2-3 parallel carinulae that run longitudinally bet~,veen the inner border of the compound eye and the antennal fossa, the body is smooth to lightly shagreened and dully shining to subopaque over most of its surface. The pilosity is moderately abundant ; the majority of hairs are relatively thick (compared with those of other Pheidole species) curving down, yard, and appressed to decumbent (parallel ~vith the surface to rising 45" from the surface). Some hairs, such as those on the fore coxae, propodeal spines, and postpetiolar venter, are bent at right angles or hooked at the end. Color uniformly pale yellowish brown. This specimen is fully alate. In addition to the association with P. indica just noted, the parasitic nature of P. lanuginosa is suggested by the following combination of anatomical features of the queens: small size, smooth body surface, elongate scapes, relativcly thin, lightly colored exoskeleton, and appressed to decumbent curving pilosity. Most of these traits cannot be considered individually very significant, but as an ensemble they are strongly indicative. The pilosity, however, is of special interest by itself. It deviates from pilosity of other Pheidole species in the same way that thick, appressed, and sinuous hairs distinguish the parasitic species Formica ciliata and Lasius crinitus from their many nonparasitic congeners.
The phylogenetic origin of P. lanuginosa cannot be deduced from existing data. The queens are very different in many respects from those of the host species, P. indica. Three indica queens examined from southern China are much larger (head widths 1.4-1.6 mm). As in the case of most other nonparasitic Pheidole species, they also share many of the traits of the conspecific major worker caste : heavy, dark reddish exoskeleton ; predominantly erect and suberect pilosity with no hairs curved or hooked; dense, rugoreticulate sculpturing over most of the head, alitrunk, petiole, and postpetiole ; relatively short scapes, failing to attain the occipital border; and 5 well-developed hypostomal teeth. Emery's Rule, that social parasites tend to be derived from the host species or a closely related form. cannot be discounted in this case.
The relatively large differences between lanuginosa and indica might still easily be the result of reduction during the transition to a parasitic 'way of life. Even the genal costulae of the Ianuginosa queen can be regarded as consistent with the heavier genal rugae of the indica queen.
A potentially important character that I have recently identified in
Pheidole males is the form of the mandible, which varies dramatically from species to species. The lanuginosa" male has the trait tentatively interpreted to be the primitive state : a broad masticatory blade with an apical, subapical, and three smaller, more posterior teeth of similar size distributed evenly along the border. An indica male examined from Shikoku, Japan, has a similar but perhaps somewhat more advanced mandibular form, in which the subapical tooth is missing and the two central teeth are fused.
Pheidole parasitica Wilson, new species
Diagnosis (queen).
A small species displaying the following advanced features apparently associated ~ith inquilinism : head capsule nearly perfectly circular in frontal view, reduced in size relative to remainder of body; mandibles greatly reduced in size and structure, so that the masticatory border is 0.1 mm long and retains only the apical tooth; antennal scapes elongate, much longer than the head ~width and in repose exceeding the occipital corner by more than twice their length; antenna 12-segmented but lacking a distinct club ; propodeum unarmed and dorsoventrally flattened, its entire basal and declivitous surfaces forming a single oblique plane; petiolar node reduced, merging almost imperceptibly into the peduncle; postpetiole trapezoidal from above, its broad posterior face applied fully over the first gastric segment; and the entire body surface, 'with the exception of several carinulae bel:ween the eye and antennal fossae and on the lateral propodeal surface, smooth and moderately shining.
P. parasitica somewhat resembles P. acutidens of Argentina and P. kohli of Zaire, dearly through evolutionary convergence, but it is less extreme in several lcey traits: its mandibles are less reduced, so that their tips still cross in repose; the number of figure 3 . Head The relationships of P. parasitica, like those of most other extreme parasitic ants, cannot be judged at this time xvith any degree of certainty. Even the generic placement is somewhat arbitrary, in view of the absence in the queen of the characteristic 3-segmented club. One possible clue is the persistence of carinulae on the genae (also found in P. lanuginosa) and lateral faces of the propodeum, which might be homologous to the rugae in the same locations in the host species P. indica.
Pheidole microgyna Wheeler
Diagnosis (queen). Resembling P. minutula Mayr but much smaller, close in size to the major ~vo~ker caste, ~r head ,width ouly about 0.5 ram. Head short and rounded. Scape relatively long, in repose exceeding the occipital margin by a distance slightly greater than its o~vn maximum ~vidth. Propodeum greatly flattened dorsoventrally, ~vith basal and declivitous faces viewed in profile forming a single line brol~en by short blunt teeth that form 135 ~ angles at their apex. Body surface almost entirely smooth and moderately to strongly shining. figure 4 . Head ~idth exclusive of eyes 0.47 mm, head length (anterior clypeal border to occipital border) 0.65 mm, scape length 0.39 mm. Anterior clypeal border almost perfectly straight through most of its medial portion; dorsal surface of clypeus very 'weakly convex, almost flat. Hypostoma1 border deeply concave, lacking teeth. Antenna 12-segmented; antennal club Abb. 4. --Paratypus der K, Snigin der siidamerikanischen Ameise Pheidole microgyna ~Arheeler, ein m6glicher Parasit; Seitenansicht (oben) und Vorderansicht des Kopfes (unten).
Lectotype queen (newly designated
distinct and 3-segmented, about as long as the remainder of the funiculus. Body smooth and shining, with the following exceptions: six longitudinal carinulae bet~veen inner margin of eye and antennal fossa; other carinulae scattered bet~veen the frontal carinae and frontal triangle and along the dorsal plane of the scutum; a patch of weak rugoreticulum on the anterior half of the lateral pronotal face; and shagreening over the propodeum and petiolar peduncle. Pilosity moderately dense over entire body and appendages, consisting primarily of stra~v-yellaw, thin, suberect to erect and slightly curving hairs. Body uniformly light reddish brown, appendages a moderately contrasting yellowish brown.
Paratype queens. Head ,width 0.46-0.48 ram. All are closely similar to the lectotype (see fig. 4 are nearly of the same size.., if Ph. microgyna be really parasitic, the small stature of its queen is probably due to a secondary reduction, but if it is non-parasitic, 'we may be dealing with a very primitive condition"
In rediscovering Wheeler's material in the Museum of Comparative Zoology at Harvard University, I have taken the step of describing it adequately under the same name used by Wheeler. It seems prudent to treat Wheeler's brief mention of the species in 1928 as the valid description, even through a case might be made for using a new name and ascription (but with potentially even greater confusion in the future). I trust that the species will be left as P. microgyna Wheeler for purposes of nomenclatural stability.
Associated "workers. Of greater importance is the worker series collected with the microgyna queens and what they reveal concerning the biology of the queens. The minor and major workers are very similar to series of P. minutula Mayr from Tingo Maria, Peru (compared 'with a syntype by W.L. Brown), and series collected by Joseph Bequaert and myself at Belem and Manaus, Brazil, from the swollen leaf bases of the melastome understory shrub Maieta guianensis. The Belem series had been identified by Wheeler as P. minutula subsp, foIicota Forel, but the differences do not seem very important. The microgyna-associated workers, on the other hand, have several significant morphological traits that 'would seem to distinguish them at the species level from minutuIa. As shown in 1igure 5, their propodeal spines are acute and Ul~wardly curving (they are not only shorter and less acute but also quite straight in minutula) ; and the head of the major has shorter rugae on its anterior surface and is more shining. Abb. 5. w Arbeiter einer Art in der Pheidole rninututa Gt:uppe, die zusammen mit P. microgyna gefunden 'wurden. Oben, ~' minor" Arbeiter ; unten, "major "Arbeiter.
Nicht masstabsgetreu.
Overall, the minor and major workers associated with the microgyna queens are different enough to be tentatively regarded as representing a species distinct from minutula. It might seem to follow thatthey are the offspring of microgyna queens. However, a complicating factor is the existence in the Museum of Comparative Zoology of a series from Kalacoon, Guyana, of 'which the minor and major workers resemble those associated with microgyna at Kartabo and the queens are large forms closely similar to the Brazilian minutula. The latter circumstance is consistent with the hypothesis that microgyna is a temporary social parasite of minutula or some related free-living species. The peculiar morphology of the microgyna queens also suggests such a life cycle. However, the mystery of the status of this remarkable form 'will not be solved until additional collections are made, permitting the taxonomy of the minutula group to be more fully clarified. BRUCH (1931) provided extensive notes on the ecology, behavior, life cycle, and anatomy of this remarkable workerless inquiline. The male is brachypterous and pupiform. The queen possesses many degenerate traits of her own. For example, the number of antennal segments in 11 queens I have examined varies from 9 to 11; in some cases the number differs on the antennae of the same individual. The instability of the trait is further evidenced by the fact that various degrees of fusion, from partial to complete, can be observed from one adjacent pair of segments to the next. The mandibles of the queen are reduced to tiny appendages, toothless, tapered to a blunt point at the end, and only 0.06-0.07 mm long. They leave a gap of 0.13 mm between their tips when in repose. BROW~ (1973) suggested the possibility of generic synonymy of Bruchomyrma under Pheidole. For reasons to be given in the later section on phylogeny, I am making this change as a formal step.
AN ANNOTATED LIST OF ADDITIONAL KNOWN AND POSSIBLE SOCIAL PARASITES OF
Pheidole argentina (Bruch), Rev. Mus. La Plata, Buenos Aires, 33, 271-275, figures 1-8 (1932 The queen of this workerless inquiline has an antennal conformation unique among ants: 10 segments with a well-developed, 1-jointed club. Bruch's account implies that this character state is uniform throughout the type series.
Pheidole elecebra (Wheeler) , Bull. Am. Mus. Nat. Hist. New York, 20, 8-10 (1904 , 58, 173-175 (1965) .
Pheidole inquilina is the least anatomically modified of the pheidoline social parasites (see table I ). It is therefore not very surprising that both the minor and major workers have been discovered in addition to the usual queens and males (SMITH, 1940; COLE, 1965) . However, these castes are evidently in a state of evolutionary decline. In 19"nests of the host species, Pheidole pilifera coloradensis, excavated by Cole, 8 contained a few individuals of P. inquilina ; and of these, one nest yielded only a single minor worker of inquilina, and another nest one minor and one major worker. In all of the compound colonies inquilina was outnumbered by the host workers.
Smith noted the close resemblance of the worker castes of the two species, and suggested that inquilina 'was derived in evolution from pilifera or a related species. In other words, Emery's rule is exemplified.
The persistence of both worker castes in this relatively primitive inquiline offers an excellent opportunity for the study of retrograde evolution. It would be especially useful to learn whether the inquilina workers possess a full repertory of social behavior, or 'whether they have surrendered sofne part of 9 colony maintenance to the host worker force. _Pheidole neokohli Wilson, Nora. Nov., N. Comb. for Anergatides kohli Wasmann, Ent. Mitt. Berlin, 4, 279-288, pl. 7-8 (1915) . Type locality: Saint Gabriel, nr. Kisangani, Zaire (Stanleyville, Congo). Queen, male. Host" Pheidole megacephala. Pheidole (= Anergatides), New synonymy.
Pheidole lanuginosa
This species superficially resembles P. acutidens of Argentina and rivals it in the number of its extreme parasitic modifications. The queens and males, with their rounded heads, reduced (almost invisible) mandibles, and enlarged, globose abdomens (especially in the males), are vaguely reminiscent of small, yellowish brown spiders.
As in acutidens, the mandibles are greatly reduced. They are toothless, tapered to a blunt point at the tip, and only 0.14 mm long, so that when they are closed they leave a gap of 0.15 mm across the clypeal border and lower mouthparts. They also bear a unique structure: an elliptical pit on the outer surface near the base. The pit is 0.05 mm long and 0.02 mm ~vide, and it appears outwardly to be glandular in nature. The thorax is more extreme in form than that of acutidens. The frontal and dorsal faces of the pronotum meet in a right angle, and the scutellum is raised into a narrow, conspicuous hump 0.20 mm high but only 0.16 mm long ~vhen measured along the lateral line of the base.
The male is pupiform, with large everted genitalia. Its postpetiole is greatly expanded and attached along the entire broad posterior surface to the large first gastric segment. The male is also unusual in possessing only 12 segments in the antennae, as opposed to 13 as in all other known Pheidole.
The justification for the synonymy of Anergatides, a monobasic genus originally constructed for kohli, will, be given in the phylogenetic section to follow. Transfer of Anergatides kohli to PheidoIe makes it a secondary homonym of the African Pheidole kohli Mayr (1901) , requiring the erection of the new name provided here (P. neokohli Wilson). Kusnezov's field and laboratory research showed that P. symbiotica is a workerless inquiline of the host species. He correctly pointed out that the queen is much less modified anatomically than P. acutidens, P. argentina and some of the other 'workerless parasites in and around PheidoIe.
Pheidole parasitica
PROBLEMATIC GENERA AROUND PHEIDOLE
Hagioxenus schmitzi Forel, Ann. Soc. Ent. Belg., 54, 8-9 (1910 No. 19 (1964) .
The Indian H. mayri is an even more promising candidate than H. schmitzi to be a pheidoline (and possibly a member of Pheidole), because of its apparent parasitic association with Pheidole latinoda : ,, mit Pheidole latinoda zusammen von Herrn R. Wroughton gesammelt ,, (FOREL, 1912) . As BROWN (1964) notes, the resemblance of the species to Hagioxenus schmitzi could be due to convergence, and its phylogetletic origin is wholly conjectural. The distinguishing traits of H. mayri include the follc~wing: scapes exceeding occipital border by one-third their length ; body wholly smooth and shining ; and body and appendages covered by thick, standing hairs.
Parapheidole ocuIata (Emery) , Boll. Soc. Ent. Ital., 3, 276-277 (1899 in contrast to the confirmed pheidoline parasites. I have included it here for completeness and to call attention to the need for its rediscovery and further study.
DISCUSSION
In table I are noted the presence or absence of 11 anatomical character states that appear to be associated 'with social parasitism in Pheidole, and in many other ant genera as well. All of the nine known or likely social parasites in Pheidole are specified, from a direct study I have made of specimens of every species except argentina (this form is described with exceptional thoroughness by BRUCH in his 1932 article). The identification and designation of primitive and derived character states is in accord with widely accepted procedures of phylogenetic systematics, including cladistic analysis (see, for example, WILEY, 1981).
The matrix is ordered from top to bottom, that is, from inquilina to acutidens, according to the increasing parasitic specialization of the species.
In each case, the positive character state is provisionally considered derived from the more primitive alternative state or set of states found in the hundreds of other species of Pheidole. Such can be safely assumed to be true for loss of the worker caste, lengthening of the scape, reduction of the number of antennal segments, and reduction of the mandibles and propodeum. It is less certain in the cases of the reduction of ltueen size, rounding of the occiput, reduction of sculpturing (producing a shiny surface), and lightening of color. Two forms of postpetiolar broadening occur and are lumped together in table I : an extreme widening of the node into conules, 'which may or may not be derived, and a simultaneous 'widening of the segment and its complete attachment posteriorly to the first gastric segment, 'which is almost certainly derived.
An examination of the matrix reveals two apparent phylogenetic trends of interest :
1) The character states were often not acquired in concert; in other words, there was a substantial amount of mosaic evolution.
2) The earliest changes to occur 'were loss of the 'worker caste, reduction of size, rounding of the occiput, lengthening of the scape, loss of body sculpture, and broadening of the postpetiole. These shifts were followed by reduction of the funicular segments, including the 3-segmented club, and of the mandibles.
We have only begun the exploration of social parasitism in the huge genus Pheidole, which is cosmopolitan in distribution, contains over 1 000 named forms, and probably exceeds Camponotus in abundance of colonies in most habitats (WILSON, 1976) .
Where do most of the parasitic species of Pheidole occur ? I will be so bold as to predict that a large majority remain undiscovered, and that most of them occur in the tropics. More precisely, the largest absolute numbers are likely to occur in the tropics, although a higher percentage of the temperate zone species may be social parasites. Also, I believe it probable that forms of parasitism other than inquilinism 'will be discovered. A likely possibility is temporary social parasitism. The peculiar condition of P. inquilina, in which a few minor and major 'workers still persist, could well indicate a recent transition into a state of inquilinism from temporary social parasitism. P. microgyna, 'which has a small body size but is otherwise very little modified anatomically, might be a still active temporary social parasite. Finally, the generic-level synonymy of the extreme species Pheidole (= Bruchomyrma) acutidens and Pheidole (= Anergatides) neokohli, which even the conservative systematist W.L. BROWN had resisted, has been proposed for the following reason. It is assumed (on sound anatomical and biogeographic evidence) that all of the nine parasitic species are derivatives of Pheidole, independently evolved, and owe their common Character states --the " parasitic syndrome " --to parallel evolution. If all three of these inferences are correct, it is difficult to justify the separation of even the most extreme species (acutidens, kohli, and parasitica) as different genera. The three display a morphocline in the critical characters of mandibular and antennal reduction and postpetiolar widening, 'while various of the other 6 species possess intermediate states and combinations of states linking the three extreme forms and most free-living Pheidole. It would be equally incorrect to combine the extreme species into a single genus, in spite of their superficial similarity, because this entity would then of course be polyphyletic, an arrangement forbidden by modern systematic practice.
If any of the assumptions just noted proves incorrect, the generic synonymy should be reconsidered.
In the meantime, the prudent course seems to be to place all of the social parasites of Pheidole within the genus Pheidole, even if it means joining some forms that are radically different in anatomical characters ordinarily used in generic classification. Such are the unavoidable complications of phylogenetic classification.
